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A  problem  which  confront*  the  baUer  who  uses  dry  milk 
solids  is  tho  offoct  of  nixing  speeds  on  th«  baking  quality 
of  dougha.  According  to  Kr.  Rood  KoCann1,  tho  personnel  of 
tho  bakery  sorvico  department  of  tho  American  any  Itilk 
Institute  have  noticed  instances  of  laaa  satisfactory  re- 
aulta  from  dougha  minted  at  high  a^aoda  which  woro  corrected 
by  longer  mixing  at  raduoad  apeodo. 

A  brief  study  of  the  problem  by  Kyor«sc  indicated  that 
a  poorer  loaf  of  bread  resulted  froa  deoreaelng  t)i»  speed 
of  mixing  aonamlly  used  In  the  experimental  laboratory. 
It,  thus,  appeared  posalblo  that  what  had  been  termed  a  high 
speed  in  the  experimental  laboratory  had  been,  from  the 
standpoint  of  net  effect,  a  comparatively  slow  speed*  The 
findings  of  Myers,  coupled  with  tho  unsatisfactory  commercial 
results  froa  high  speed  mixers,  as  stated  above,  suggested 
tho  desirability  of  trying  optimum  mixing  speeds. 

Preliminary  trials  in  the  present  study  on  the  effect  of 
mixing  speed  on  bread  containing  dry  milk  solids  indicated 
that  optimum  speeds  could  be  found  for  tho  various  oaouuts  of 
dry  milk  solids  present.  frolimlnary  atudleo  also  indicated 
that,  for  loaf  volume,  there  wae  an  optimum  dry  milk  solids 
content  for  broad. 

Tho  term  "dry  milk  solids"  has  been  used  throughout  this 

>riiil  •aasaunioatl  -.;m,   director  of  the 

^Aaerloa.-  atltute;  !'ay,  lfttl. 

^Unpublished  data  froa  research  problem  regarding  mixing  speeds. 
Department  of  Killing  Industry,  Kansas  state  College)  1X1. 


2 
1  to  .-aoan  dried  eMa  tttlk  solids  with  a  fat  content  not 

oxceeding  1,5  percent  and  a  aajcisasa  water  content  of 

percent. 

The  object  or  this  investigation  was  to  dotoraine  the 

optism  alxlac  speeds  for  various  dry  silk  solids  contents 

and  to  determine  the  optlwua  dry  silk  hc.  |  tent  at 

bread. 

TtSVtES  OF 

3ohn  and  Bailey  (12SS)  tavat  to  at  axeossive     '  it  a 

dough  beyond  optisam  dtovolojwao: it  >X  inferior  bread,  aad 

that  high  apeed  sslxers  develc  jta  wore  e,uiokly  than  low 

speed  sixers*     Staaberg  and  3ailey  (1033)   found  optiaua  ais- 

IM  for  each  apood  of  rotation  of  the  nixing  blades. 
They  alao  noted  that  the  inclusion  of  six  percent  dry  wilk 
aolida  In  broad  dough  Increased  the  mixing  tiaw  and  increased 
tha  tolerance  to  variation  in  nixing  spead.     the  optiasw 
speed  of  aixing  for  the  Eobart-KeDuffeo  silxer  was  found,  by 
then,  to  be  between  60  and  80  revolutions  per  talnute. 

Laraour  and  HaoLeod  {1929}  studied  the  effect  of  pc- 
teaaiusa  orowato  on  wheat  flour*.     They  found  that  a  brctwte 

la  gave  a  better  measure  of  baking  value  than  the  basic 
forawlu.     Oedaes  and  iaraour  {1253}  studied  saae  as  poets  of  the 
broaete  baking  test  and  found  that  the  broaate  forsaule  gave 
better  laoaaureijente  of  the  relative  flour  strength  than  tLo 
basic  foraula.     They  also  noted  that  tranwae  response  was  sons* 
what  dependent  upon  the  protein  aontont.     This  would  indicate 
the  praaar.ee  of  optiaura  brou&to  .req\iireisentc  for  flours. 
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Gfalt  ami  Laraour  UMO)  a|  .>»  buffering*  affect  of 

dry  ailJe  solids  toward  broaata  nod  found  that  the  addition  of 
dry  uilk  »olido  created  a  toleranoo  to  potaeniuea  bromte  which 
toads  to  prevent  damage  to  loaf  volasw  and  to  grain  and  tex- 
ture when  larje  doaagos  of  tala  reagent  arc  uaed.    According 
to  ofelt  and  iJtrnour,  dry  allk  aolida,  together  with  appropri- 
ato  aaounta  of  potaeslua  braaate,  product  ir.eraaaes  In  loaf 
voluaoa  and  lcwroveoanta  in  texture  beyond  that  which  could  ba 
obtaiaad  with  brosiete  alone. 

Baraare,  ?iaaey,  and  KeClujssage  (1941,  1H2)  reported 
the  effect  of  potaaalua  broraate  on  broad  Sougha.     They  dawon- 
atrated  Mm  praaane*  of  an  opti..  ...te  raqulraaent  for 

Omm  various  variation.    According  to  thoa,  the  ■ 

ana  brosaate  ra^uireraant  varied  with  floura  froa  different 
varieties. 

During  «h*  planning  and  execution  of  thia  atudy,  epeolal 
attention  waa  paid  to  tb«  procedure*  uaad  to  obtain  the  data 
and  to  the  aathoaatleal  technique*  naadad  to  properly  evaluate 
such  data.     Tha  propriety  of  taking  thaao  precaution.. 
Illustrated  by  tha  following  citation*. 

?eareor.  ,   in  writing  of  tha  phanoaanon  of  veria- 

tior,  ae  depleted  by  tha  ooraal  curve,  Quoted  Francis  Saltan, 
an  early  statistician,  thuaj 

now  of  scarcely  anything  ao  apt  to  laspaaa 
tha  lssagination  ac  the  wonderful  forsi  of  oo*s2e 

order  eapreesed  by  the  law  of  *r       .       t  would 
boon  personified  by  tha  3raeka  and  deified, 
thay  had  known  o:      : .     :t  reigna  with  severity 
-ioto  aelf-c.  the  wildcat 


confusion,  tho  buger  the  aou  tad  the  greater  tho 
anarchy  tho  »ro  perfect  Is  its  av&y.     Let  a  large 
sasplo  of  ohaotic  oleiasnte  bo  :        aorshalled 
la  order  cf  their  aagnitudas  and  thon,  however 
y  appear,  an  unexpected  an£ 
Most  beautiful  for       clarity  proves  to  !*avo 
been  present  all  along. 

rearsor.  also  discussed  tho  theory  of  correlation  as 
tho  result  of  the  limitations  of  ti.o  theory  of  caua*'. 
which  was  uao  :  oxtensively  by  scientists  of  tho  past. 
In  correlation  it  is  recognised  that  result  A  nay  well  bo 
caused  by  more  than  on*  factor,  whereas  MM  causation  theory 
did  not,     'rise  correlation  coefficient  is  the  square  root  of 
tho  fractional  part  of  A  caused  by  the  factor  being  consid- 
ered. Rush  like  the  asan,  tho  correlation  coefficient  in- 
creases in  reliability  as  the  nuober  of  observations 
oroase. 

In  1S32  Gouldwn  wrote: 

In  cereal  oheaistry  experlsaenta ,  the  analysis  of 
variance  asanas  to  be  particularly  applicable,  as 
there  Is  a  definite  experimental  variability  *!.' 
cannot  be  overseas  by  methods  now  in  use;  oni  the 
so;  this  variability  and  allocating  it  to 

dif feront  ao.a>ocs  is  often  the  aoet  serious; 
with  which  the  cereal  cheoaist  has  to  deal  In  | 
sraHsing  froa  bis  results. 

In  accordance  with  these  views  arrangausnts  were  node 

for  obtaining  adequate  data  with  a  adnlauu  of  routine  effort. 

■MMXU4  MB  OBDU 

Str«c  flours  and  tbros  »ij;ir^*  aachlnas.  were  usod.  The 
flours  were  obtained  froa  Svuuorc,  Md  Chiefkan  wi.o&ta  and  a 
oossesrclaliy  blended  wheat  aix  froa  a  Kansas  flour  sill. 


?he  three  BllXl  data  used  ware  the  IMrld  -wanaon- 

.':  wt-toDaffaw*     The  mixing  action  of  the 
marking  aixer  was  produced  S>y  A  two-ar-a  planetary  nixing  head 
sad  three  stationary  arua.    This  aixer  woo  a  newly  designed 
aodel  anil,  while  uaalslo  far  lte     s;--  .rpose,  was  not 

suitable  for  the  range  of  conditions  Ispoaed  upon  St  by  this 
Investigation.     The  Swanao»»worJclr«e  mixta*  had  a  four-arts 
planetary  mixing  head  arid  two  stationary  eras.     Tha  21obart- 
MODuffee  moblne  «a«  equipped  with  a  fcwo-arca  planatary  nixing 
heed  and  one  stationary  ana. 

:-.lng  speeds  of  BO.  75,  100,  185,  U9,  175,  and  200 
revolutions  par  minute  were  uaoi  on  the  Becking  end  iwsnaon- 
Worklng  siixers,  while  40,  70,  100,  aa     ISO  revolutions  par 
'    uta  wore  used  on  the  BJbass  'MuPuffaw  alxar.     The  Mixing 
effects  of  the  40  to  UM  Nap  «*°  t"1*  Eebart-KaDuffee 

aixar  approximately  equaled  tha  aixlng  ef facta  of  the  50  to 
200  KM  ranee  on  the  other  mixers* 

A  eoaaerclel-typo  foraala  with  tha  following  oanstlt- 
uents  imp  loaf  of  bread  wa»  used:  WO  g  flow,  6  g  sugar,  1. 
salt,  S  |  atwrtenin,';,  S3  §  yeast,  0,23  g  nalt  eyr-up  (120° 

■Bar) |  variable  aaouata  of  potassiua  broaate,  and  water  aa 
needed.     To  this  fowtula  was  added  dry  ssllk  solids  la  saounta 
of  zero,  two,  six,   12,  and  SO  pore  i nJ ..      rhis  type  of  foraula 
slmalatea  those  of  aowaareial  bakeries  and  also  tends  to  re- 
duce the  wayteHaM  In  grain  and  texture;  thus,  the  loaf 
volume  variations  Ntas  aore  algnlf leant,     This  was  desir- 
able because  loaf  volume  was  tl»  only  ehar&ateristle  which 
eould  be  measured  neohanica 


Table  1  clvea  the  average  obeolcal  analyses  of  U»»  flour a 
and  <Sry  sailk  solids  uee        out  the  atudy» 

2n  order  to  obtain  stailar  hand:.'      >ortios,  the  &b- 
aorption  was  increased  with  increased  enounta  of  dp?  ail* 
solids,  the  isost  suitable  increases  in  absorption  were  curvi- 
linear ly  related  to  the  increases  in  dry  allk  solids;  1.  e., 
leas  water  per  percent  dry  allk  solio.a  was  added  at  the  II 
percent  dry  stilk  aolida  level  than  at  tho  six  percent  level, 
ate.  The  dry  aillt  solids  used  is  thie  study  had  a  lower 
water  absorbing  ability  than  was  nonaal* 

Twenty  percent  dry  wUM  aolida  was  added  to  only  one 
flour.  This  was  discontinued  and  ignored  in  the  mtheimtioal 
wor&  beoauao  it  was  found  to  be  boyon-i  the  practical 
of  dry  nilh  aolida  content  for  bread*  Sread  produced  with 
tho  addition  of  20  percent  dry  allk  eolide  had  a  ohweaa-llia 
flavor,  very  fine  grain,  and  a  heavy  rubbery  tenure . 
loaf  volune  of  broad  containing  SO  percent  dry  siilfc  solids  was 
considerably  less  than  for  six  car  12  percent  dry  sillt  solids 
eontent.  whereas,  the  loaf  voluaea  of  both  tbe  six  and  12 
peroent  dry  nllk  aolida  bread  were  usually  greater  than  the 
bread  without  dry  sallk  solids. 

Seven  flour-aixer  srmi$&   of  data  were  obtai   .    ose 
groups,  their  oeas  loaf  vol-joea,  and  their  aean  variances  are 
Elver,  in  Table  2* 

Tiithin  each  of  these  seven  groups  the  date  were  arranged 

line  to  combinations  of  r»lxin£  speeds  and  dry  ailU  aolida 
content.  In  each  croup  there  were  four  levels  of  dr. 


?ftble  1»     Cbaaloal  analyse e   of  the  tutorials  uaasl 
(data  civen  as  racelve.    . 


Baterial 

(paro- 

Lata*** 

(porsent) 

{peroc. 

ary  mill,  aolide 

.00 

3.50 

iMO 

Tanaarx;  flour 

at*l 

11,  50 

.i35 

Ohiafkan  flour 

12.3C 

11. 

.130 

C«sa«rcial  w'..oat 
aix  flour 

12.03 

11. 

0.4M 

■•>7h«  above  raculta  era  averages  of  aaveral  aataplee  firowii 
rantlaily  at  various  tl:a*a  during  tb»  lnvaBtigatlon. 


SftbX*  2.     Mftan  loaf  volwaaa  and  a»«x>  varl&ncos  of  tho  flour- 

aiaer  groups. 


"lour-ailxar  group 


*••»*•<;  flour,      irklac  otJser 

"      ,   MnMMMHNWMUlg  aizor 

Chitften  flo'i?,  r.wn*oa-YopklnG     ■ 

Cowttrslal  blond  flour,  Swknson-Eoriclng  bImt 
OoMwrolttl  Ul«n4  floor,  Bebsrt-BO  taffM      ' 


Mb  io«fi 

Jiattii 

Mi      : 

v-fcrianeo 

(co) 

794 

265.5 

fM 

MM 

70S 

. 

MB 

24,3 

607 

19.7 

800 

13fl.i 

727 

15.6 

MM*Mi  [Wl)i 


aolida  coraUnt.     Sown  different  apoad*  of  tho  iforklijjr  and 
^W6n«oa-T.'orkinc  sjixara  ware  atudied  as  were  four  speeds  of  tl* 
a*wt-Xoauffaa  alMF*    Thua,  there  war*  26  eoafclnatioas  of 
epeeda  and  dry  bIIJc  eolld*  within  four  of  the  flour-falser 
«ro«pa  and  16  ooafolnatloca  within  three  of  the  flour-atxer 
croupe  -  a  total  of  lflO  eoauinationa  of  aixar,  flour,  spaed, 
antJ  I  solids. 

Twelve  replication*  war*  baked  of  each  of  th*  ISO  oossbi.*- 
Won*  atudl*d«     fhl*  we*  dona  to  obtain  Mra  reliable  data  and 

.opa  eloaely  oonflr*  the  varlatioita  of  th*  phenomena.     Jhua, 
1320  loan*  of  broad  **re  uaad  aa  experimental  data,     fi 

.,  about  1500  loavea  ware  batted  to  determine  tfca  optiawa 
tine*  to  .  i  brouat*  ra^uiraaenta  Md  to  taat  th* 

yaaat  u**d  for  each  bake.    After  th*  optlaw  nixlne  Urn  and 
opttauu  bromt*  raqutrojaaat  for  **oh  eoMblaatlon  lad  b**n  d*- 
taraiaad,  tl;«y  war*  bald  oenatant  for  their  particular  ooafcina- 
tian  throughout  the  tH  ..  .  ,     R»  olisdaatlon  of  theea  factore 
as  variables  reduced  the  eaount  of  work  Involved  about  80 
percent. 

The  following  procedure  waa  uaad  to  dateraine  the  optima* 
■tata*  thws  for  each  oaablmtlor..     A  dour,;.  **«.  tho  mm* 

as  actually  uaad  for  th*  thesis  data  was  alaaa  to  th*  eatlisated 
optlama  dough  development.     Tho  «atta*at*  was  m&e  by  observing 
th*  dough  while  being  aix*d.     rough  which  la  not  dovalopc 
short  and  appears  Jagged.     Dough  which  la  overdeveloped  becomes 
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•bin?  and  sticky.     At  opUswa  dwwalopaent  the  dough  la  Smooth, 
has  a  valval?  feel  eni  lo  not  atioky.     Accordingly,  ***en  the 
doueh  appeared  developed,  the  stUinc  tlssa  was  noted.     the  dough 
waa  then  reaoved  frost  tho  sixer  and  handled  us  usual  In  the 
fomentation  aad  proofing  oahlneta  and  In  the  oven. 

Jjaaodlotely  following  the  ftrat  estimate,  two  othvr  dougha 
of  exactly  the  aaaw  foroula  and  dry  allk  aollda  content  ware 
mixed  approxlaataly  three-fourth*  and  five-fourths  of  the  ee- 
tlaated  alxlng  tlaa  and  alao  handled  like  an  ordinary  dough* 

The  loaf  volume  of  each  loaf  of  bread  waa  taken  Issaedl- 
ctely  after  baking  an>l  the  grain  and  texture  war*  note;!  the 
following  day.     Ho  aearlng  of  the  gral.-i  and  texture  waa  done 
It-.  Wila  otudy.     The  Internal  chares tar Istloa  were  aeroi;- 
•panted  to  neke  aure  that  all  viata  were  obtained  frou  loevee 
with  erulR  and  texture  at  least  equal  to  the  standard*  of 
aaanatrolal  bakeries.     If  the  Internal  obaraotorietlae  of  any 
loaf  were  unsatisfactory  the  particular  dough  coablnatlon  that 
loaf  represented  waa  rebaked.     The  opticus  alxlng  time  was 
selected  by  attaeurestent  of  the  loaf  volumes.     If  the  eotiaeted 
optlaua  olslag  tiae  waa  not  found  to  be  correct,  the  particular 
dough  AOBhlnfttion  waa  reteeted  according  to  the  Indications 
of  the  first  teet.     Approximately  one-third  of  the  teets  were 
repeated.     All  loaves  were  baked  In  duplloete  during  each 
teat.     In  the  sane  aenaer,  the  optlaua  bronete  requireassnt     for 
each  flour  and  each  dry  uilk  solids  content  was  determined. 

flaw  absorption  was  determined  by  saeans  of  the  Klxograph 
(3wanaon«*wxln£  oou£h-reoordlne  El«*r)  and  the  handling 
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proportlaii  of  tba  doughs,  Tha  flc-ur  »«»  first  olxad  to  taat 
tor  handllnc  propartias.  it  ma  than  alx*<i  In  tha  lilxograph 
and  tha  halght  MM  a!  taps  of  tha  alxograa  aotoi.  7fa»  absorp- 
tion of  tha  aili:-contalnin£  flour-dou^ha  wsc  lner«ns«d  mail 
thay  wars  tiso  aane  height  a»  tha  no-sil  Ik  doughs*  Ths  shape 
of  the  »ixo#ra»a  ofe*ne»  »ith  the  addition  of  -dry  nils  aoli<':.  . 

On  the  b»»l«  of  the  above  sraoodura*,  it  ma  asauond  that 
an  optlotuB  loaf  of  breed  ems  pro-Juoa*.'.  in  MM)  |  ration* 

lo»-fora,  oaaueroiel-ebapeu  pen*  wn  used  tiirooghout  the 
InveaUgation.     VHMnWttM  tauperetura  end  feMMMf  w»ro 
sKlatained  at  30°  centigrade  tad  75-80  pereent  respsetively. 
MMasntatlaa,  punching,  proofing,  and  taJKUtC  wore  *.osordiu£  to 
the  official     ....  aistboda.     toef  volwaaa  *or«  taken 
iiWOdletoly  after  Mktag  and  ereirs  and  textura  noted  tba  follow- 
ing day. 

lit-loaf  ..aa  uaed  on  tba  Seanaoa-VforSsins  and  the 

aofoart-UoDuffea  alxsre*     seeeuae  of  Halted  oapaelty,  aingla- 
loaf  nixing  «aa  used  on  tba  working  raiser.     All  doughs  *aro 
ooala^  to  172  grane  iaaaadiately  aftar  being  ai»d.     ibis  waa 
dona  to  overcome  tha  af facta  of  increased  dough  walght  due  to 
the  addition  of  dry  utile  aoi:.   , . 

She  MbdOf  tlaa  for  aaoh  ooaMneUon  la  given  in  ?eblea  3 

to  9  and  tha  obaorvefl  aear.  loaf  vol»sa  far  oaoh.  oaabinction 
in  Tables  10  to  10.     Tba  1020  loaf  volussee  «ra  givoa  in,  Tables 
50  to  65  (appendix). 
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Trior  to  aubjooT  lata  to  an  aaalyais  of  variance, 

tha  MWll  af  the  group  a»an  loaf  volumes  end  thalr  re- 

•pa«tiv3  aaen  variancea  were  toteralned*   (Table  8)*     It  wee 
found  that  the  ©roup  aeans  and  their  verlanoos  were  slgnlf 1- 
sorttly  correlated*     The  (tan-elation  between  the  oodbinatlin 
seen  loaf  valuaea,  within  e&oh  group,  and  their  variances  was 

':,  to  all  ««vw«  croupe,  to  bo  definitely  nonsignificant. 
Teble  17  elves  the  correlation  eoefflalents  together  with  the 
least  significant  correlation  coefficient*. 

Tables  18,  19,  and  £0  give  the  result©  of  the  variance 
analysis  aeoc  tha  flour-sixer  rroupe.     Table  16  elves 

the  results  of  the  data  obtained  with  the  T«r»erc,  flour.     Table 

^oa  the  result*  of  the  data  fxo«  tho  Chlefkan  flour,  and 
'  -os  MM  reaulta  of  the  data  frott  the  ;los»eroial 
.     Km  aoan  ecuewea  were  tastes**  for  significance  by 
several  stat 1st leal  criteria. 

Inasauoh  aa  the  capacity  of  the  forking  saixer  prevented 
•efi  »  sj  lit- loaf  technique  In  ulxiog  the  touch.  It  was 

practical  to  ohtnla  the  data  In  suoh  a  auuxner  aa  to  he 

to  ostl. »ote  the  within  day  variation  of  iup» 

'«  group*  af  '.e  effoot  of  Mixing  speed  varls- 

tiena  wast  shown  to  he  f»s  'leant,  with  the  ex- 

emption of  the  Chiefkan  croup*.     Tha  apeed  variations  on 
CSxlefkar,  flow  we*"«  alsnif leant,  but  not  nearly  to  the  extent 
they  were  on  the  other  flours,     flea  influence  of  dry  siilk 
solid*  wae  very  highly  significant  wit!:  all  the  flours;  how* 
aver,  as  the  graphs  and  equation*  will  shov,   the  effeat  of  dry 
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TaSla  17.     Th*  corrslatton  of  t\»  <Uta  u»«as  with  tla»ir 
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Table  13.     ;;aeulto  of  the  variance  aiiolyeaa  on  Tewaero,  flour. 
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Table  19.     rwaulta  of  the  vwicnoa  analyaea  or.  Chlefbais  flour. 
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ailk  eollda  on  CMefkaa  floor  **»  0*8**1***     >itt  the  other 
flours,  dry  atlU  solids  bod  o  wry  definite,  beneficial  effect. 

Ths  day-to-day  variation  wo*  very  definitely  &  faator 
that  bad  to  bo  taSsran  lato  aoeount,  on  we*  shew*  In  tha  variance 
analysis.         U   factor  included  tho  offsets  of  various  un- 
controllable elements  oiaong  which  were  yeast  vnr  is:  :..-■;.  fron 
shipment  to  slilpaont  and  operator  varithillty.     HMN«  othor 
ainor  oleoonts  included  In  tbo  day-to-day  variation  were  tho 
fluctuation*  of  teapereturo  and  lata1,  .-story, 

tho  foxwontation  end  proofiaf:  eshinets,  end  In  tbo  ovenj  al- 
though thoae  elesaonts  were  controlled  as  rigidly  as  woe  ^ooal- 
blo  with  alr-condltlonlng,  tboroootatio,  and  huaidistatio 
apparatus* 

She  wlthin-dey  variation  was  anotbor  faotor  whleh  had  no 
sotual  bear lac  on  the  investigation  but  M4  to  bo  tsicea  into 
account  to  preeent  a  uore  reliable  steW  of  tho  phenomena 
studied.  ■  /  variation  was  found  to  b*  definitely  not*- 

alsalfloant  la  all  oaaoa  except  tho  first  group  studied.     ?he 
testa  on  the  wlthln-day  variation  of  the  flrat  group  baroly 
showed  olcntfioanco;  thus,  in  wiew  of  the  aansigalficanee  of 
oil  tho  olfcer  groups,  it  was  asauaed  that  no  raal  offoot  aas 
prooent  la  the  first  M       .        o  within-day  variation  laolud- 
ed  all  of  the  eloaeate  that  were  Included  in  KM  day-to-day 
variation,  but  thoso  vt  aaaaursd  woro  those  occurring 

on  a  single  day*     The  day-to-day  M 
ohanges  fro*  one  day  to  tho  noxt. 


M 


The  dry  alXk  aolids-aUlng  speed  Interaction  was  high- 
ly significant  In  all  groups  but  two.     These  two  war*  the 
Tanaarc.  flout—irobar'.  . :«  coaasrolal  Kix- 

Swenson  working  groups* 

Tha  dry  allk  eolids«B»lxinf.  iptta  interaction  ahowad  that 
the  preeonoe  of  dry  at  Ik  solids  asrkedly  altered  the  »r; 
of  nijtiac  apeed  on  twos,.:,     this  pherscttenon  will  be  further 
described  when  the  equation*  we  disous**d«     ftu  fact  that 
there  was  no  significant  effect  of  the  interaction  of  dry 
31  lit  solids  and  alxlng  s^aod  In  two  of  the  group*  VMM  swraly 
indicate  tho  possibility  that  If  a  flour  vara  nixed  In  the 
correct  ty;>«  of  nlsar  ths  effect  of  aixljae  speed  would  not  aa 
altered  by  the  dry  mOM  solid*  content.     Sowrer,  alxiajr  a 
flour  in  sueh  a  wiser  would  not,  necessarily,  produce  the  hast 
iwead*     This  point  will  be  discussed  later* 

The  other  Inter act Ions  were  of  no  Interest  other  than  to 
renova  their  affect  fraa  the  portion  of  the  data  thet  ware  to 
ho  studied.     It  was  reeo£nis»d  aa  quite  possible  that  an 
interaction  between  either,  or  both,  dry  silk  solids  and  at  - 

apead  with  yeast  alfiht  ba  significant,     however,  auoh  a 
study  would  have  had  no  bearing  on  thio  investigation  and  was 
dlsroearded. 

Table  21  list*  the  standard  error*  for  aach  of  the  flaur- 
alxer  croupe  of  data*    2to*  staan  loaf  voluoaa  of  th«  flour- 
alitar  croup*  (Tabl*  2)  haw  been  rer-aatsd  Cradle  81).     SI  was 
found  that  the  standard  errors  were  wary  highly  aorrelsted 


T»blo  CI.     zUxuSmr-i  errors  of  tb*  Y*riou*  flour-«iMr  groups. 
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Corr«i«ti  r.  b«t»o<*R  standard  «rror  «n6  aMn  l«f 
volwsa*  «qut".  d#gr«»«  of  froados. 


with  the  s»an  loaf  volumes;  i.e.,  the  standard  errors  In- 
creased with  increases  in  the  mean  loaf  volumes. 

It  was  noted  that  the  loaf  volume  variations  due  to  char- 
acteristics inherent  in  the  flour-mixer  interaction  were  high- 
ly significant,  whereas  the  loaf  voluae  variations  due  to  the 
characteristics  imparted  in  the  bread  because  of  mixing  spaed 
or  dry  milk  solids  were  not  even  remotely  correlated.   It  thus 
appeared  that  a  definite  type  of  mixer  should  be  used  with  a 
particular  flour  (as  alluded  to  previously).  The  particular 
mixer  may  be  one  that  does  not  give  a  negative  regression  of 
dry  milk  solids  with  mixing  speed;  or  (if  the  optimum  of  the 
regression  produces  better  bread)  one  that  does  produce  a 
negative  relationship.  It  did  seem  more  likely,  however,  that 
the  amount  of  dry  milk  solids  that  could  best  be  utilized  de- 
pended somewhat  on  the  mixing  speed.  To  illustrate,  it 
appeared  that  Tenmarq  flour  should  be  mixed  with  a  mixing  action 
similar  to  that  of  the  Working  mixer  (Table  2),  but  the 
merclal  wheat-blend  flour  should  be  mixed  with  a  mixing  ac- 
tion similar  to  that  of  the  Swans on- Working  mixer.  However, 
the  optlr.um  dry  milk  solids  content  for  either  of  these  flours 
seemed  to  be  dependent  upon  the  mixing  speed. 

This  hypothesis  was  further  borne  out  by  the  mathematical 
determination  of  the  optimum  dry  milk  solids  contents  at  the 
various  speeds  of  mixing  employed  in  this  investigation.  The 
mathematical  determination  will  be  discussed  later. 


Sathamtle&l  equations  daaerlfcinr:  the  lsttuaoee  of 
■%  speed  and  drj-  .ll&x  scatent  on  hraad  eera  deval- 

opsd.     It  v&a  fott*l  that  the  relationship  of  aixiae  speed  to 
opticus  Mixing  tine  *»a  exponential.     This  relationship  re- 
qulrei  the  general  eqnatl.sa:  t  »  EC     ,  where  7  »  alxlnf  tine 
in  ainutes,  Z  and  X  *  constants,  ana  I  «  revolutions  per 
adnata.     The  tranaferaed  aquation  hecaaet  T^og  S  »  r.x  ♦  3X, 
where  7  *  nixing  tiaa  In  ainutoc,  *  constants,  and 

■  rev:'  ttiona  par  aiisute.     This  t7"«  of  equation  m 
for  98  percent  of  the  variations  la  nixing  tiaee.     Tnble  22 
present*  the  specific  oquetio&a  for  each  of  the  2§  floss— 

.3  relationship  between  optima  sstxlnc  tiae  and  dry 
'.;  solids  content  was  linear  end  repaired  the  foUowinp, 
general  sqaetior.  •  St,  chora  r  *  alxing  tine  la  aln- 

utes,  £  sad  3  *  constat; ta,   I  *  percentage  dry  silt  solids. 
This  linear  rel  aecoantad  for  99  percent  of  tbs  varie- 

tiona  In  alxing  tines.     Table  23  present*  the  specific  aqua- 
tion* for  each  of  the  40  flour-alxer-apasi  subgroup*. 

As  attempt  erne  aede  to  develop  a  nultipie-regreaeion 
•quatior.  by  *MCi.  the  Mixing  tine  could  he  estisata;:  vith 
simultaneous  rogard  I  Axing  speed  and  dry  allfc  aollda 

content.     Tha  equations  that  could  OS  obtained,  with  the  avail- 
able data,  accounted  for  only  68  percent  of  the  variation  in 
nixing  tinea,     as  it  was  found  that  an  estimated  aixlac  tia* 


four  ainsUs  sight  *»11  hav*  •»  error  of  half  *  alaute, 
it  «»*  decided  to  dispaaa*  with  the  *xut  equation*.     Th* 
general  equation  aaa  a*  follows:  be*  T  "  *  1)  • 

where  T  »  sUxlng  tiss»  la  minute*,  A  an-2  I  ■  constant*, 

■   Tereeatage  dry  aiJJt  solid*,  en£  I  ■  revolutions  per 
taisata. 

The  loaf  volusea  relationship*  to  t>oti;  alxlnf  tlae  and  iry 
silk  solids  e  octant  wera  found  to  ba  quadra-  ., 

X*  ;.  *      ■  *  CX2,  whera  T»  loaf  volun*  la  ©abio  e*atla*»t*ra, 
,      ,  HMtwsta,   I  *  revolution*  par  sinuta  cr  dry 

ail*  aoUda  percent,     aith  this  ty-e  of  aquatics,  ialadcg  *P*«* 
accounted  for  store  than  9T  pereeat  of  the  variation  fa  loaf 

toy  ijilk  solids  accounted  for  hop*  than  S>5  percent 
of  tea  variation  in  loaf  voluua.     Tacils*  24  and  45  prasoat 
tea  specific  equations  for  th*  loaf  volua*  relationship*. 

^.^mj.)!  em  the  apeolfla  equations  accounted  for  32  par- 
eent  of  the  variations  in  sizing  tiaea  and  95  percent  of  the 
variations  la  loaf  volsaa,  the  graphs  of  th*  various  relation- 
ships war*  drawn  aoeordlsc  to  th*  calculated  data. 

Tea  standard  errors  of  estimate  for  bote  the  aixlag  tla*- 
Km  and  tue  atxing  tlue-dry  silk  solid*  relationships  were 
calculate  I  to  be  .130  aad  .125  atnates  reapectively.     The 
standard  errors  of  eatiaat*  for  the  loaf  v»lni—"HWI  ana  the 
loaf  voluae-dry  aUk  solids  relationships  were  calculate 
he  9.00  and  13.26  oo,  respectively. 

The  first  derivative  of  •*?"  i  loaf  voluaas  aquatlcae 

we*  taxaa.    The  derivative  of  each  of  the  loaf  voluae  equations 
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was  than  tested  for  s  aaxlsaaa  or  sinluaai  (there  could  be  only 
on*  MuOsma  or  slnloaat  lneaaach  as  tha  actuation  was  of  the 
second  degree}.     All  but  four  equation  fray  both  tha  E?2  end 
tha  dry  sallk  aollda  relet lusahlpe  had  a  wavluaw  poir.t;  I.e. 
an  optlauo  nlxirc  apac-.'  and  as  optt&a-j  dry  silk  aollda  content. 

Pros  tha  deteralnation  of  ojtlouia  slxing  speeds  at  ver- 
leva  dry  silk  aolida  levels,  It  was  noted  that  In  four  or  tha 
groups  tha  o-thaua  speed  decreased  aa  tho  dry  satlk  aollda  eon- 
tant  Increased.     However,  th»  dirferencee  In  optima*  nixing 
sped  at  tha   four  dry  »11V  aollda  levels  ware  Insufficient  to 
obtain  significant  regreeeion  and  to  alloc  reliable  Mathemat- 
ical expreaslon  baoauaa  of  tha  variation  within  aaoh  laval. 
Segatlve  correlation  between  percentege  dry  allk  aollda  and 
optlaua  nixing  speed  approached  alsnlfleanco  when  all  tha 
available  data  were  conaiderad.     Portion*  of  tha  data  (T«aarq- 
lorklne  group,  ate.)   vara  vary  definitely  correlated,  but  tha 
ovarall  picture  was  awrrad  by  the  abaoraal  oharaeterlatloa  of 

•flan  flour.     Ts.lt  ease  obeervatlon  of  negative  dry  allk 
solida-aixln?  apead  ra^resalou  waa  not  quite  ao  obvious  froa 
tha  determination  of  the  options  dry  sallk  solids  content  at 
various  speeds,  although  the  trend  was  discernible. 

Tha  derive tlvas  of  tho  loaf  voluaa-dry  wllk  solids  equa- 
tions definitely  ahoaad  that  both  Tenaarq  flour  and  the  Oamr 
aerelal  Biz  flour  prcduoed  superior  bread  with  the  addition 
of  dry  allk  aollda,  whereas  Chlefkan  produced  progressively 
poorer  loaves  with  Increaaea  In  dry  allk  aollde  sontu      . 
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Tables  26  and  27  yrasont  the  first  derivatives  «ad  the 
optiau.  speeds  and  dry  ailk  solids  contents  whieh  ware  dls- 
cuassd  a'oo^e, 

?!»  second  derivatives  of  the  loaf  volsss»-dry  ailfc  solids 
aquations  vara  taken.  A  eorrslstlon  tatwaan  tba  second  de- 
rivatives and  thalr  respective  dry  silk  solids  content  was 
a»de.  An  overall,  koks Ignif icon*  oorrsl&tion  of  *«G07?  was 
obtained,  with  26  degrees  of  freadca.  3orrelationa  were  siso 
Made  between  portions  or  tfr»  second  derivatives;  tcay  vara 
between  csro  and  two  par soot  dry  ailk  solids,  aero  and  six 
pereant  dry  silk  solids,  and  ears  and  IS  persant  dry  ailk 
soil  0a.  these  correlations  did  not  orTrooofc  si£Uifleanos, 
either.  Tharsfor*,  there  seesss  to  at  as  laproveaent  Ik  the 
aixlac  spaed  tolerance  when  dry  ailk  solids  has  beer.     , 
as  aeaeurad  by  loaf  volnao.  This  doss  not  agree  with  tba 
riadlacs  of  staaberg  and  3eilay  (1038). 

Saltipla-regressioa  aquations  of  loaf  voltes*  against 
Mixing  speed  and  dry  silk  solids  content  wars  developed* 
However,  the  inclusion  of  both  airing  spaed  and  dry  ailk 
solids  content  into  a  simultaneous  consideration  of  their 
effaet  oa  loaf  voluae  aooo-oated  fear  only  65  percent  of  the 
variation.  Therefore,  the  praetiool  value  of  this  type  of 
aquation  for  estimation  of  loaf  voluaaa  was  no  oat tar  than 
th»  auitiplc-regresaion  equation  for  aixiag  tlae.  Eowever, 
enough  sf  the  variation  was  reaoved  to  show  that  the  rela- 
tionship was  liinlllaear  and  had  the  following  general 


35 

2**1*  20.     rirat  derivative 

and 

o-tlaue  S;*;:  of  loaf  volsaae- 

alxlng  apeod  ralatlana 

'iT-«dX«r   £1*0; 

ntNoAi 

-t  derivative       : 

;„ 

■ 

1 

. 

Ttum rq'»wktog 

T» 

:     .. 

.  MOM 

Ul 

a 

T« 

- 

.0179SX 

IM 

« 

T» 

a  2.6*4  - 

jotatm 

120 

is 

Y» 

=      .         - 

.-ISC: 

KM 

Xonis«r<j-'>»«e«on 

0 

T» 

»...::- 

.G1304X 

134 

irtitl 

2 

1 

«  3.504  - 

.02624; 

IM 

e 

=      . 

.  BMOO  1 

UM 

12 

▼» 

.  GUMS 

121 

•;«n.:ar.:-'.  •*■*! 

0 

:       .Tit   - 

•asssas 

75 

• G — B3N 1 

M 

« 

.    51  - 

12 

T» 

*  i.aae  - 

.0255*  :c 

75 

Chiefka3-.><Banaon 

0 

' 

:-  .175  - 

.0006&X 

--.;■.; 

.  wtdUig 

2 

T» 

*  0.360  - 

. 

US 

8 

r* 

=     .::     - 

: 

•P 

13 

■ 

.001921 

1-7 

Chiof5ca&-rloi«i,t 

■  ■  i 

,763 

03 

S 

D7  - 

.      -10X 

-52 

e 

T' 

-      . 

.005MX 

67 

T« 

■ 

.00334.": 

195 

Cosb»»ks1«1  :-'ls- 

0 

■  1.380  - 

12X 

Ml 

8 

■      . 

,006401 

6 

a  0. 

..-  :- . 

Z  i. .. 

12 

»-    .052  ♦ 

54* 

»-ii,l|-j,-t:a-  tlx- 

0 

ft 

a  UN  - 

, 

ill 

Sdtart  ««-«.«"«'*• 

2 

T» 

,;5S  - 

1 1 

e 

- 

•  ■ 

, 

12 

r* 

»  2.363  - 

•  ,.    .■fcVi"*    . 

•  •  sainlxus  v&lua 

36 

Table  27.     Pir»t  dwlvatlTOB  «ad 

ajjttsua  dry  aitlSs  •olt'is 

loaf  voiBSW-drj 

solids  r«l»ticn*fc.I?« 

i 

tTOWt  l#l#ti#i 

:;  -t:..^.. 

JOour-a&iXer  group 

:       ( 

>  ?»  , 

EMOHFt-     r  ■■  -.; 

50 
75 

•?«   =  5.20  -   I, 
.'    a   3.52  -    1. 

7. 

;•  -i  . 

1£5 

. 

150 

'.'•  z  7.7*  -  2.- - 

:  . 

175 

T»  =  -i.i-  -  :... 

■M 

:•  =     . 

i . 

MMM>MNM 

-'    Z  7.72  -      . 

■ 

.lag 

75 

«  a     .  ■  .   -     . 

* 

100 

f  •:  • 

■  . 

125 

■  =     . 

• 

150 

.   i 

..   - 

175 

VI     =    .    .           -        . 

• 

'«  =-;..;..  ♦     • 

5.72* 

miiwrq  sotewrt 

40 

•'  =     ...    -     . 

'..: 

'  o   bJSm 

70 

-»  t  •;■._:    - 

. 

•   =.  >•?«  - 

. 

130 

.-'  s  i.s«  - 

.38 

■rkan-5wa»on 

50 

'--:.. 

, 

75 

1    ~— .  ,       -      . 

100 

■•'    =-..."     - 

'    z- . .    [    -      . 

.. 

150 

■  •    .        -      . 

-17. 

175 

—  7  ♦ 

£00 

'  =-:...!  -     . 

-   i. 

.:      -      ^art 

40 

'  :  ,.:;:  - 

.;7 

;rfe» 

I  4.S4  -  -  . 

3.41 

•    =--.'"  .   ♦      . 

J-4.E-S  ♦ 

. 

T—mrnTiil     :  - 

'    -      .        - 

7.12 

A.twu5»tH5  Y.orkmg 

'   =13.52  .      . 

7  .M 

>    =   9. 

-   .... 

-       • 

... 

150 

•'    =       .         -       . 

7.77 

'    -    ".         -       • 

.71 

-'/...      -       . 

• 

CsKsasrciai  '  '    - 

40 

-       . 

. 

SKfomrt  i:e>iffe« 

'   =1   .    .    -   1.S6X 

• 

. 

. 

ISO 

I*   s  4.5a  - 

11  • 

equation:  Y»i*SX:«  ♦  ♦  ,   share  T.  a  leaf 

voluae,  Xx  -  percent  dry  ailk  ooliAs,   Xg  s  revolutions  per 
iiinuto,  and  A,  t,  Ot      ,   S.-.-J  X  -  c j-staiits. 

soeaad  obvious  that  dirfaror.t  alxora  would  possess 

rant  optima  alxine  speeds  asui  different  flours  possess 
different  o->tli»ua  dr7  ailk  solids  contents,  MM  th-elr 

various  characteristics.     In  fettU        ,      j»wr,  the  partial 
first  derivative  of  the  above  equations  also  Indicated  alf  r*r- 
enoea  In  opfclsna  csisiae  speed  for  different  floor  a  on  the  seae 
lilxo-  and  different  optlsKt-.  sir?  all*  solids  contents  for 
different  adxera  using  the  sea*  flours.     Table  £3  gives  the 
partial  first  derivatives  of  each  of  the  above  aenUoned 
equation*  with  respect  to  &tj  alifc  solid*  and  stixlng  spaods, 
together  with  the  optlaoa  dry  all;,  solids  content  and  opttaasa 
airing  speed  for  eaoh  flour-olxor 

Tablet  SO  atf  S3  j;lve  the  calculated  slsiog  tlaa  for  the 
various  combinations  employed  duriae  the  course  of  this  Inves- 
tigation,    ?l«Us  I  and  II  present  the  graphs  of  the  caleulr 
atxlng  tirasa.     T.ji  calculated  data  vers  obtained  07  uaiag  the 
equations  of  Table*  22  and  23,  respectively.     Tables  SI  and 

' ve  the  calculated  loaf  Talmas  as  obtained  by  the  equa- 
tions of  Tables  34  anO  2S,  respectively.     ?lates  HI  and  IT 
present  the  graphs  of  the  calculate i  loaf  volumes. 

Graphical  analyais  of  the  logarlthsic  fora  of  the  expon- 
ential relations  N  versus  stixing  a?*9&  Indi- 
cated that  ths  equation*  cor.verge  on  each  other  as  th*  fixing 
speed  Increases.     This  led  to  the  assumption  that  there  was 
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paint  beyor  time*  was  no  appreciable  ehanf.c 

In  optiawa  saixl&e  tlae  regardless  of  tha  aixinf;  epaed  or  dry 
^11!;  aolid*  content.     If  there  were  aush  a  coajon  point,   the 
slope  of  MM  ourve  would  decrease   (baocsje  leas  negative)   with 
an  increase  In  tr.a  vtiie  of  the  Y-intercept  of  the  carve. 
The  ?- intercept  was  a  function  of  the  dry  jellk  solids  contact 
and  increased  with  increased  asounta  of  Sry  at Ik  solids. 
vae  four.i  that  the  correlation  was  -»S5i   {.47a  woula  have 
been  highly  significant).     This  degree  of  aorreiction  aeeo 
ed  for  about  78  percent  of  the  total  variation  hetwe-sn  alope 
and  intercept,     tola,  correlation  tuml7ale  fcaa'issa;!  a  universal 
season  point  end  did  not  alio*  for  the  possibility  thai  there 
Mty  veil  have  bees  ft  distinct  easBaosi  palMt  for  eacb  ficur- 
alxer  group.    The  correlation  coefficients  for  aach  flour- 
->r  groa-p  ware  iatamlnea.     They  are  listed  la  Table  53. 
Tae  correlation  between  alo;  a  an;'.  Intercept  within  eacb 
flour-ssd*er  groip  was  perfect  in  aevaral  eaaea  ftnd  highly 
significant  in  all  cesas.     It  «aa  tkua  indicated  that  the 
milium  i  point  la  characteristic  of  the  flour-ad  acer  group.     By 
awar.s  of  the  calculus ,  it  wae  possible  to  develop  equations 
that  »oul.:  detersdr^  the  coaeacn  point  in  general,  or  for  each 
r-ialxer  .      Tr.4  equations  wares  i  s  Sxy/iy2  and 

=  -H,  where  A  »  ainiasaa  seising  speed, 

3  ataxlast*  M  *,    .  =  I  -  intercept,  T  •  elope, 

x  s  deviations  of  T  -  Intercept,  y  •  deviations  of  alope. 

Graphical  analyela,  also,  of  the  aixlag;  tlae-dry  ail* 
solids  content  relationships  Indicated  that  the  rate  of  ehu 
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of  a!  .»  deoreaaad  elth  incraaaad  sizing  »pMd  re- 

gardless of  the  dry  ailk  solid*  content.     Therefore,  ahan  the 
tpMd  of  nixing  baaoma  swffleiaatly  Men  the  Wits  of  change 
of  adxlcg  tins  eho-ald  approach  sero  for  any  dry  ailk  soli&e 
contest.     lfca  atni-wa  atxlag  epeaJ  at  which  thar-s  would  be  no 
epjsreciabla  ebang*  in  nlxii,g  tiae  atWaM  be  the  mm  aa  I 

*  eoessor.  ?olr.t  six'.ng  apaed  of  the  above  diaouaeioni  and 
the  eomor.  poitt  alxiic  tlaa  should  be  tba  *mm  as  that  of 
ag  tlsae  whan  the  rat*  of  change  of  slxlae  «*•  *•- 
coaea  zsro. 

aquationa,  therefore,  were  developed  MMb  mU  esilaat 
the  adjOse  ap«ed  at  ahicb  tba  rate  of  change  of  aislng  tit* 
approached  c»ro.     The  asixlnc  apeede  thus  obtained  wars  the 
s«ae  aa  tb«  ooawoa  point  spaede,  within  experimental 

error,  ««  ware  the  eetiaated  alxing  tlaae  at  these  points. 
Tha  sixlnr  ti^ea  »ere  eatinetad  by  ualng  tba  aquations  given 
In  ffcble  ££•     Tha  equation*  aeed  to  obtain  tha  alxinr,  arced 
at  «*ro  slope  ere  given  In  labia  34. 

Tb*  correlation  between  tba  two  ;«sthod»  of  —wftl 
tba  sO-xlng  a?ae4  beyond  which  there  wo-uli  ba  no  taeaaorable 
changa  in  nlxiBg  tiae  was  fcwad  to  bo  highly  ei^r.Iflcsr.t,  as 
saa  tha  carrolatioe  between  the  two  aetaoda  of  estimating  t&» 
alaiae  tisse  appropriate  to  tba  f  fflWfl  speed,     fh*  oorreiatl  aa 
©©efficient*  were  ♦.313  end  *.0S3,  respectively,  with  five 
degrees  of  freedom  for  each. 

the  values  of  these  slxlre  apeeda  and  airing  tinea,  aa 
found  by  both  the  coaaor,  point  and  the  sere  slope  techniques, 
are  given  in  Table  5s. 
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Tail*  35.     S1n!,atra  nlxlag  »W*4*  *»-  auciauts  alxlng  tlflM 
as  4«tarala»C  by  taaon  point  *nd  ssro  slop* 
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Tha  atthssatle*  «aploys.-  .  :r-rot  ths  Cats  wars  the 

teohiilnues  of  et&tistiea,  snalytios.1  c&ceotry,  and  the  calcu- 
lus.    ?ba  taoiaIrtu»a  of  ;'  ss  used  vara  the  variance 
analysis,  correlation  analysis,  and  the  eojapitfttlon  of 
standard  errors,     analytical  geuastry  was  usad  to  develop  the 
aquations  ssroaented  ir.  the  thesis*     Th«  calculus  vax  ea- 
ployed  to  datavstlae  the  optlsui.i  alxir.£  speeds  and  opticus 
dry  alik  aollda   contents. 

altho .:£h  ths  primary  object  of  this  st'Jdy  was  to  afrsorva 
the  of fact  of  shear©*  la  nixing  er-ea^s  and  changes  iu  dry 
alii:  solids  content  on  bread,  a  vary  important  aaooTidarj?  ob- 
ject va*  the  dov*lop»eat  of  aatbaaatical  tool*  to  evaluate 
the  changes  bro^hl  abe.  I  various  aixlr*.-  epeods  end 

dry  ailfc  solids  contents.     In  the  pureuit  of  scientific 
truths,  it  does  not  aaeat  sufficient  to  aarely  r.oto  ear  tain 
phaaosaens.     It  la  alao  neeaeeary  to  tha  uadsrataadlac  of  the 
tffMHiminina  thai  th*  effect  produced  be  aeaeured,  not  rarely 
observed.     Tba  foundations  of  phyaiea  and  ebaslatry  are 
rooted  in  t:.e  dsvelojsaest  of  aatbaaatleal  tools.     Tha  found*- 
tlon  of  cereal  abealatry  should  b©  root*',  in  tha  ansa  plaea. 

Tha  various  aletaanta  necessary  for  tha  quantitative 
aaaaoraaant  of  tha  af feeta  of  nixing  speed  and  dry  allk 
aolida  vera  available,  sat  they  had  to  ha  organised  into 
applloabla  tools  before  sue!:  aaeasuraaanta  aonld  be  taken. 
aaaeabllng  of  tha  various  and  naeaaaary  a*nsuration  elenente 
into  aanageebla  and  useful  tools  occupied  tha  aa jar  portion 


of  the  thought  In  this  study.     Case  the  tools  war  a  designed, 
tha  results  were  stated  is  e  few  psrs^rtpl;* . 

flic  correlation  analyses  of  the    wtna  and  their  variances 
showed  that  each  group  of  cooblxiatioris  had-  to  be  enalyse . 
dlvt<fe*ally.   If  the  original  data,  were  to  be  «m4>     In  order 
to  analyse  all  the  data  la  one  variance  analysis  the  original 
data  would  have  bad  to  have  been  trsa»for,aed  la  such  a 
that  the  correlation  tetvMB  group  swans  and  their  variances 
was  conaignif leant,  as  s*»,  fortunately,  the   saae  with  tha 
cctsbirjitian  aaans  so!  variances  within  «  group. 

The  aoeeorreletion  of  lata  satmnjt  with  their  respective 
variances  la  a  prere<j,.i*lto  to  the  proper  uaa  of  tha  v»r- 
lanoe  analysis  technique.     Variance  analysis  la  based  on  tha 
easuaptlon  that  tha  data,  being  analysed  are  normally  distrib- 
uted about  tholr  true  asans.     a  significant  correlation  be- 
tween data  aeans  and  their  variances  Indicates  a  folseor. 
noraal)  distribution. 

The  sixinr  speed-dry  silk  solids  relationship  waa 
Isjgarithaieelly  traaaforaed  Into  a  linear  function  suah  that 
the  logeritbad.3  base  was  equal  to  1C.     perhaps  sooe  other 
lo£arithsic  base  weald  have  been  aare  exact,  but  Inaeaaah  aa 
the  ooaison  logarithms  use  10  aa  their  base  it  wee  decidedly 
sore  convenient  anil  sufficiently  accurate  for  the  proper 
interpretation  of  the  result    . 

the  first  derivative  indicates  the  presenee  and  loca- 
tion of  a  -assUmae  or  alnlaua.  The  second  derivative  reflects 
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